1 Introduction {#sec1-1}
==============

Mallet finger is one the most common upper limb athletic injury that may occur due to bony avulsion or tendentious lesion\[[@ref1]\]. This injury could significantly affect individuals overall function, impairing their work-related skills and social capability to perform daily living activities\[[@ref2]\]. The current treatment involves immobilizing the affected joint using a splint made of thermoplastic or plaster in a neutral position. The splint could be prefabricated; however, in most cases, a trained health professional cast a splint for the patient. Intrinsically, the outcome will be highly dependent on the skills and knowledge of the medical practitioner. Even with highly trained health professionals completing this, there are many factors that impact on the wearing of splints resulting in non-adherence and decreased outcomes\[[@ref3]\]. In addition, it is a lengthy and labor-intensive process requiring the fabrication of multiple casts leading to excessive use of materials and efforts. Yet, additive manufacturing (AM) technology recently allows for the fabrication of individualized prosthetics based on patient anthropometrics\[[@ref4]\].

Additively manufactured orthosis orthopedics for injuries treatments or rehabilitation are not currently in widespread use, though, it could potentially offer a way to reduce the cost of production and enable easy customization to an individual in biomedical treatments that addresses many of the current barrier to adherence\[[@ref5],[@ref6]\].

Effective use of AM may lead to a reduction in size and weight of the splint making it more comfortable for the user. This paper presents an investigation into the use of a fused deposition modeling (FDM) printer to trial printing methods to produce a person and injury-specific mallet finger splint at a low-cost and optimized weight and comfortability.

1.1 Mallet finger injury {#sec2-1}
------------------------

Mallet finger is the extremely common finger injury where the fingers extensor ability is disrupted at its terminal portion, causing an inability to extend at the distal interphalangeal joint\[[@ref7]\]. This disruption is either due to rupture of the fingers extensor tendon or an avulsion fracture (fracture to the bone in a location where a tendon or ligament attaches)\[[@ref8]\] of the distal phalange. Swelling and tenderness can occur together with reduced ability to extend the distal phalanx, resulting in extension lag of anywhere from a couple of degrees up to several dozen. The cause can be either direct blow to the distal phalanx, sharp, or blunt injury to the distal interphalangeal joint\[[@ref9]\]. This injury is commonly seen in ball sports such as Basketball, Volleyball, and Cricket. Injuries to the lower arm, including hand and wrist, are extremely common, accounting for 20% of all emergency presentations\[[@ref10]\].

The economic burden for these injuries is extensive with the direct, indirect, and intangible costs associated and increases with the severity or complexity of the injury\[[@ref10]\]. Although, in most cases, the patient will make a full recovery, often, a long period of recovery is required, and some will not recover full function and may potentially have a lasting disability (**[Figure 1](#F1){ref-type="fig"}**). Mallet finger is often left untreated by patients unless severe restriction in extensor ability is present, or there is lingering pain\[[@ref11]\]. This injury, in the case, that there are functional shortfalls, can impede the whole hand in everyday fine motor skill tasks. Furthermore, this deformity can develop additional medical conditions in the finger and hand as overcompensation can create hyperextension of proximal interphalangeal joint, a swan neck deformity\[[@ref7]\].

![(A) Mallet finger fracture (Image courtesy from Sachin J Shah, MD, online), (B) anatomy of finger\[[@ref12]\].](IJB-6-2-259-g001){#F1}

The use of a movement restriction device called a splint is the common form of treatment for this injury. The splint is designed to hold the affected area of the finger in neutral or a small degree of hyperextension while the tendon or avulsion fracture can heal.

1.2 Current mallet finger treatments {#sec2-2}
------------------------------------

The conservative and post-surgical management of mallet finger injuries require the use of splints to aid in recovery. Preventing any movement in the distal interphalangeal joint is crucial as flexion of the joint will separate the torn ends of the tendon or avulsion fracture, halting the recovery process. In this case, the finger would need to be returned to full extension, and the healing process would start again from the beginning. There are several types of splints that can be used for this condition; the three commonly used splints are the stack (prefabricated), dorsal aluminum, and personalized thermoplastic splints (**[Figure 2](#F2){ref-type="fig"}**).

![(A) Stack, (B) dorsal aluminum, and (C) personalized thermoplastic splints\[[@ref13]\].](IJB-6-2-259-g002){#F2}

Beyond the use of the dorsal aluminum splint, there are specifically designed mallet finger splints used in the treatment of this condition. Either cast molded products known as "off the shelf," which are manufactured in three ready-made sizes or personalized molded thermoplastic products that a health professional makes for the patient at the clinic. The stack splint is generally made from polypropylene and is largely enclosed with limited holes in the top section for airflow. The stack splint is applied to the patient's finger and then attached to the skin on the proximal phalange with skin tape or strapping tape to help prevent movement. However, the "off the shelf" splints embody a one size fits all approach which cannot accommodate all patients.

The dorsal aluminum splint is a commonly prescribed method for treating mallet finger. This method utilizes a splint on the dorsal section of the finger and then taped onto the finger at the distal phalange and the intermediate phalange. This method provides greater airflow than the stack splint as the ventral section of the finger and the fingertip is left open to the air. This theoretically provides an advantage over stack splint in that decreased pressure is exerted to the distal interphalangeal joint, allowing better blood supply\[[@ref7]\].

Personalized thermoplastic splints are applied by trained health professionals, which involves taking the measurements of a patient's finger and then cutting a piece of thermoplastic to a specific splint design. The thermoplastic is heated, and the finger is wrapped in the thermoplastic with the tabs joining the piece over the top of the finger. Using scissors, a health professional can trim the ends further to better fit the patient. The thermoplastic conforms to the skin and sets when it cools, maintaining the finger in the position that it has been molded to. There are several complexities with this manufacturing process, including that the manufacturing process is manual and highly skill dependent. The splint received from a graduate health professional may be completely different in quality to the veteran therapist who has been creating these splints by hand for years. The splint, if poorly fitted, can result in shear stress, directional misalignment, and pressure over bony prominences\[[@ref9]\]. A comparison study of these three splints in the treatment of mallet finger has been reported by O'Brien\[[@ref13]\]. All three types of splints are required to be worn for 6 -- 8 weeks. Treatment failure or complications include skin irritation, poor splint fit, splint breakage, pain, or discomfort wearing the splint or patient dissatisfaction with splint appearance or cumbersome nature. When worn for the entirety of this period, there was no extensor lag difference found between the three splint types, but custom-made thermoplastic splints were significantly less likely to result in treatment failure\[[@ref13]\].

This suggests that customized splints, fitted to the exact dimensions of a patient's finger, have the ability to provide successful treatment in more cases than the other two splint types. This finding propelled the current study to use AM technology to rapidly produce the personalized fitted shape splint customized to the patient. This technology could provide a standardized and efficient approach to manufacturing mallet splints that may reduce cost, improve adherence, and have less impact on patient's hand function while wearing the splint.

1.3 AM {#sec2-3}
------

AM is a promising and developing manufacturing method. Historically, AM technology was utilized for prototype creation; increasingly, however, it is being seen and has become a production technique in its own right\[[@ref14],[@ref15]\]. The AM groups a large number of technologies and techniques that can utilize different materials with vastly differing properties to create parts for a range of applications\[[@ref16]\].

The three-dimensional (3D) printing has become a large part of the new frontier of medical technology and treatment. Medical treatments that use 3D printing techniques include: Facial reconstruction, orthodontics, exoskeletons, prosthesis, tumor detection, chirurgical optimization and biocompatible organ, and tissue printing\[[@ref17],[@ref18]\]. In the medical field, using traditional manufacturing methods take a lot of production time and are not easily customizable to patients; hence, its use is becoming more limited. FDM, also known as fused filament fabrication, is one of the most common AM technologies using numerous varieties of thermoplastic materials\[[@ref19],[@ref20]\]. During the early years of the introduction of the FDM technique, it was used to print prototypes, souvenirs, and other useful domestic appliances\[[@ref21],[@ref22]\]. However, FDM technology is rapidly maturing and is reportedly showing unlimited potential in various applications, including in the medical, automotive, and aeronautical fields\[[@ref23]-[@ref25]\]. FDM can benefit the mallet finger treatment through making complex shapes that could not be made by traditional manufacturing methods as well as its ability to utilize alternative materials with improved performance characteristics\[[@ref7],[@ref26]\].

The first step of FDM printing is to develop a computer-aided drawing (CAD) of the component. That CAD file is then exported as a stereolithography (STL) file. This STL file is then "sliced" by the 3D printer's software and read by the printer to print the component in a series of layers\[[@ref27]\]. FDM prints thin layers of plastic layer by layer to create the part. Plastic is fed into the extrusion head and then heated so that it enters a semi-liquid state; the plastic is then pushed out of a small nozzle to produce a fine thread of plastic that it layers onto the previous layer or onto the base support piece. Because of this layer on the layer structure of the material, the mechanical properties and surface finish of an FDM printed part are dependent on the orientation of which it is printed. This means even the same part can have different mechanical properties if printed in different orientations\[[@ref28]\].

Despite previous studies into AM for use in lower limb prosthetics and orthotics, the use of 3D printing technologies for the use on the upper extremities of the arm, including wrist, hand, and fingers, has yet to be investigated broadly\[[@ref11]\]. Up to the present time, there has been limited research in the area of upper extremity splinting with engineering design and analysis motivation\[[@ref5],[@ref29]\].

The interest in 3D printing in this area is due to multiple reasons. One is the scalability with respect to the range of sizes. It is completely customizable to the patient's injury. In addition, multiple splints can be printed for the patient over the course of their recovery as swelling reduces to ensure the splint is optimally fitted at all times throughout their recovery\[[@ref30]\]. This practice potentially provides the best outcome for the patient. Further, 3D printed splints can also be made to accommodate extremes of size or deformities that off the shelf splints cannot. Utilizing this technology means that a patient can receive the same quality of care regardless of the health professionals level of skill and experience in splint manufacturing immediately after an injury the patient gets their finger scanned and a medical professional selects the template for their finger injury that is then automatically updated with the exact dimensions of their finger. A personalized finger splint is then printed off, tailored to them exactly, to allow for the chance at the most optimal recovery followed by ongoing rehabilitation with a health professional.

The personalized FDM 3D-printed thermoplastic finger splint in this study could potentially address all those common causes of treatment failure, such as skin irritation, poor splint fit and discomfort wearing the splint, which would lead to less treatment failure and therefore more successful recovery cases.

2 Methodology {#sec1-2}
=============

The goal of this study is to utilize the FDM method to develop a patient-specific 3D-printed finger splint that could potentially have the properties required to match and exceed those of the current hand-molded thermoplastic splints. The original splint will be compared with the topology-optimized splints in terms of structural and thermal performance. With these processes, splints can be produced with much better mechanical properties requiring less material for more breathability and comfort while having the same strength. The detailed steps of achieving this aim are outlined in the following.

2.1 Measurements of finger and personalized CAD splint {#sec2-4}
------------------------------------------------------

The patient-specific splint was designed by measuring seven parameters of a patient's index finger, as shown in **[Figure 3](#F3){ref-type="fig"}**. To measure the maximum force that could be applied by the index finger, the intermediate and proximal joints of the finger were locked in position using medical tape to the bottom of the finger. This left the distal interphalangeal joint of the finger, the joint affected by mallet finger, the only joint with a degree of freedom.

![The seven measurements required to create a personalized finger splint computer-aided drawing model.](IJB-6-2-259-g003){#F3}

Using Autodesk Inventor Software and the measurements, the patient-specific splint is designed. As shown in **[Figure 4](#F4){ref-type="fig"}**, a constraint was designed at the rear of the splint to prevent leeway in the splint when being worn. When the user clenches their fist, without this material removed, the skin of their middle phalanx finger can push into the back of the splint dislodging its correct position. The stack splint is designed with an open ventilation section above the fingernail to allow some airflow to reduce sweat when being worn and to allow limited access for washing. The top section of the splint extends to the proximal interphalangeal joint. This allows the user some flexion of the finger without hindering recovery. A benefit of using topology optimization (TO) is that areas of the finger and finger pad remain exposed, so a person can still feel and get sensation through the finger when performing everyday tasks such as writing with a pen or using their toothbrush. This is opposed to a molded splint that is fully enclosed, which makes the finger become less functional for the recovery period. The maximum pressure load calculated from the distal interphalangeal joint, simulating the maximum force a person could generate in their index finger solely from the flexion of the distal interphalangeal joint, was applied to the rim of the finger splint. This was chosen because the finger "pad" section of the splint is a large space that will be optimized in all topology-optimized splints. Because of this, the area and geometry in that section changed for each splint. By applying the pressure load to the rim of the splint, it was a consistent way to compare all splints.

![Geometry of a sample 100% mass design according to a patient's finger.](IJB-6-2-259-g004){#F4}

2.2 3D Printing patient-specific finger splint {#sec2-5}
----------------------------------------------

A number of materials could potentially be used in FDM having the properties required to match and exceed those of the current hand-molded thermoplastic splints. These materials include poly-lactic-acid (PLA), acrylonitrile-butadiene-styrene, polyamide, thermoplastic polyurethane, polycarbonates, polystyrene, and poly-ether-ether-ketone. Environmental considerations were considered as the use of this product is highly personal; it cannot be passed onto the next patient, so it must be disposed of after treatment. The non-recyclability of casts and splints causes large amounts of waste. In fact, in the US, according to the National Ambulatory Medical Care Survey and American Academy of Orthopaedics, 2.4% of the population experiences some fracture\[[@ref31]\], producing an average of 670,000 kg of waste per year\[[@ref17],[@ref32]\]. However, PLA being derived from natural sources, corn, beet, and cassava among others, is biodegradable. Because of this, PLA splints can be composted after their 6 -- 8 weeks use, rather than contribute to landfills. The PLA is used in this study as it has been found to be feasible for the production of scaffolds with different architectures and controlled porosities which are tailored for use as temporary fixtures in biomedical applications\[[@ref33],[@ref34]\]. In addition, polyvinyl alcohol used as support materials, which is a water-soluble, biodegradable polymer under both aerobic and anaerobic conditions\[[@ref35]\].

2.3 TO {#sec2-6}
------

TO is utilized here to create a series of splints optimized for the loading conditions. The original splint will be compared with the topology-optimized splints in mechanical performance and in thermal qualities that will affect the users' comfort experience. With these processes, splints can be produced with much better mechanical properties requiring less material, for more breathability and comfort, while having equal strength. In this study, a splint is developed based on TO in which the algorithm starts from a solid model of the material. Distributed loading and boundary conditions are defined based on the specifications of the splint finger, as shown in **[Figure 5](#F5){ref-type="fig"}**. The main objective here is to remove the maximum material while preserving the volume fraction and maximum stiffness of the 3D-printed splint\[[@ref36],[@ref37]\].

![Schematic view of boundary conditions on a sample splint design.](IJB-6-2-259-g005){#F5}

The theory of the optimality criteria (OC) is used in ANSYS Workbench. The OC method uses an estimation of the optimality conditions to update the design variables of each point\[[@ref38]\]. The designs are updated independently using this method, the material is added in the areas in which the estimation of the strain energy is too high\[[@ref39]\].

2.4 Finite element analysis (FEA) and mesh convergence {#sec2-7}
------------------------------------------------------

TO with the minimum compliance criteria was coupled with a structural analysis module in ANSYS 2019 R2 to evaluate varying splint designs. Since, the mechanical properties of the 3D printed parts are affected by the 3D printing parameters, for example, layer thickness and raster width, Young's modulus and Poisson's ratio of PLA were obtained according to Type I ASTM D638 test standard. PLA with a density of m^3^, Young's modulus of 2850 MPa, and Poisson's ratio of 0.25 were defined for the material properties of the splint. The maximum pressure exerted was estimated to be 64×10^4^ Pa applied at the rim of the splint, and the base was assumed to fix (**[Figure 5](#F5){ref-type="fig"}**).

The domains of 100%, 79.49%, 71.13%, and 62.51% mass were discretized by unistructural tetrahedral elements with 394,439, 140,904, 104,634, and 104,026 elements, respectively, as shown in **[Figure 6](#F6){ref-type="fig"}**, where higher mesh density was selected for the region of interest and local mesh refinement was conducted to achieve high mesh quality. Note that mesh independence studies were conducted with varying element sizes and model that had \<5% variation in maximum stress was selected.

![Domains discretization with tetrahedral elements for (A) 100%, (B) 79.49%, (C) 71.13%, and (D) 62.51% mass.](IJB-6-2-259-g006){#F6}

2.5 Thermal heat analysis {#sec2-8}
-------------------------

Using the four splints created, thermal analysis of the prototypes was undertaken. The Static Structural module in ANSYS used to test for deflection and stress values were linked with steady-state thermal module to link the data. The internal face of each of the splints was selected and set at 31.7°C, the temperature of the skin at room temperature\[[@ref40]\]. The convection coefficient of air at 22°C in free convection was selected as 10 W/(m^2^.K). The total heat generation of the human body for this project is selected 110 W\[[@ref41]\]. A heat flux was also created for the internal face assuming that the average body surface area of human adult is 2 m^2^. **[Table 1](#T1){ref-type="table"}** details the properties calculated above.

###### 

Heat simulation analysis settings

  --------------------------------------------------------- ------
  Internal splint surface temperature (°C)                  31.7
  Convection coefficient of air ![](IJB-6-2-259-g015.jpg)   10
  Total heat generation of human body (W)                   110
  Average body surface area of human adult (m^2^)           2
  --------------------------------------------------------- ------

To clarify, for the topology-optimized splints, meshing was done for TO using a low element number, default mesh. Once the topology-optimized shape was obtained, it was then inserted into back into static structural, and a new refined mesh with a high number of elements was used to ensure that data values obtained regarding deflection, stress, and heat are as accurate as possible.

3 Results and discussion {#sec1-3}
========================

The low-cost 3D printer used in this study was the Ultimaker2 Extended+ (Ultimaker B.V., Geldermalsen, The Netherlands). The splints were printed at 100% infill, nozzle speed of 20mm/s, heat bed of 50°C, and layer thickness of 0.2 mm. The dog-bone type PLA samples were 3D-printed according to Type I ASTM D638 with a width of 13 mm, the thickness of 5 mm, and a gauge length of 50 mm. To determine basic mechanical properties, tensile tests, as shown in **[Figure 7](#F7){ref-type="fig"}**, were conducted on 3D-printed dog-bone specimens. The tests were performed in an Instron 300LX (Instron, High Wycombe, UK) with a crosshead speed of 5 mm/min. Tensile strength and modulus of the 3D-printed samples were determined 52.2 MPa and 2.86 GPa, respectively. In FDM topology optimized and original design, finger splints were fabricated, original (100% mass), 62.51% mass, 71.13% mass, and 79.49% mass, by the same 3D printer and processing parameters used for the dog-bone specimens (**[Figure 8](#F8){ref-type="fig"}**).

![A three-dimensional-printed dog-bone poly-lactic-acid sample (A) before, and (B) after tensile test.](IJB-6-2-259-g007){#F7}

![From left to right 62.51%, 71.13%, 79.49%, and 100% mass splints.](IJB-6-2-259-g008){#F8}

To test the maximum deflection of the splints under realistic conditions, the rear of the splint was the fixed end with the load to be applied at the front of the splint near the tip of the finger. This was used to simulate how the splint would deform under the force applied solely by the final joint of the finger (distal interphalangeal joint). As the splint does not extend onto the second joint of the finger, only the force that could be produced by the final joint was considered. In FEA, the fixed support geometry was consistent across all simulations and excluded from TO. To complete the mesh convergence study, the measured force value was applied to the rim of the finger pad area. The maximum deflection and maximum stress values were recorded for each mesh. Then, the mesh was refined, increasing the number of cells, and then the maximum deflection and maximum stress values were recorded again. Once both the deflection and maximum stress values were within 2% of previous deflection and stress values from the previous mesh, the mesh was called converged. This means the results obtained from any simulation can be assumed accurate enough that they are no longer significantly impacted by the mesh once mesh convergence was achieved off the original splint. Deflection and stress values were calculated through ANSYS simulation to establish the printable material with the best mechanical properties.

The stress and deflection simulation results of the splints are obtained and shown in **[Figures 9](#F9){ref-type="fig"} and [10](#F10){ref-type="fig"}**. All splints had stress concentrations at the corner between the finger pad rim and the rim of the enclosed top section. This was the location of the highest stress values for each splint. The highest values of deflection were obtained at the tip of the finger pad rim section. As would be expected when removing material from a loaded structure, its deflection increases as more material is removed. What is noteworthy though, according to **[Figure 11A](#F11){ref-type="fig"} and [11B](#F11){ref-type="fig"}**, the 79.49% splint had a reduced mass of 20.51% but only deflected 0.24 mm, which was only 24% more than the original, 100% mass, splint. However, there appears to be an optimum percentage of mass reduction as the 71.13% splint deflected 0.31 mm, which is almost 50% more than the 100% mass splint. This result shows that there is appoint of diminishing returns in removing material from the structure. This indicates the effectiveness of the TO in splint finger design.

![Stress simulation results of topology-optimized (A) 62.51% mass, (B) 71.13% mass, (C) 79.49% mass, and (D) original three-dimensional-printed 100% mass, splints.](IJB-6-2-259-g009){#F9}

![Deflection simulation results of topology-optimized (A) 62.51% mass, (B) 71.13% mass, (C) 79.49% mass, and (D) original three-dimensional-printed 100% mass, splints.](IJB-6-2-259-g010){#F10}

![Comparison of the three-dimensional-printed splints simulation results (A) Maximum Equivalent (von-Mises) stress; (B) maximum deflection; (C) average heat dissipation.](IJB-6-2-259-g011){#F11}

In line with the increase in deflection as the splints had a reduction in material, the maximum stress values decreased. There was however an outlier in the 71.13% splint, which recorded 31.16 MPa that experienced the least stress among all. This result would appear as the objective of the TO in this study was set for the least deflection only.

The heat distribution results of the splints are also simulated and shown in **[Figures 11C](#F11){ref-type="fig"} and [12](#F12){ref-type="fig"}**. With each iteration of the topology-optimized finger splint with less material, the average heat dissipation in the splint increased slightly as expected. The heat flux upturn in between splints was roughly proportional to the decrease in percentage mass to the previous splint, with one exception. The splint with 71.13% mass performed the best in heat dissipation.

![Heat distribution simulation results of topology-optimized (A) 62.50% mass, (B) 71.13% mass, (C) 79.49% mass, and (D) original three-dimensional-printed 100% mass, splints.](IJB-6-2-259-g012){#F12}

In general, it was observed that the deflection results had not a perfect correlation with the heat dissipation of the splints. At one end, the original splint with 100% mass, performed best mechanically, while the 71.13% mass splint performed best in heat dissipation. Therefore, a trade-off analysis is required to opt for the most appropriate splint.

The trade-off results are shown in **[Figure 13](#F13){ref-type="fig"}** that the topology-optimized splint with 71.13% mass-produced reasonable mechanical properties considering both maximum stress and deflection values while reducing the heat trapped around the finger by a significant amount. This splint is simpler to print than lower percentage mass splints that can require more printing support structures. It was found that inevitably reducing the amount of material in a load-bearing finger splint would increase the deflection of it. However, when the distribution of that material is chosen to optimize the stiffness in that situation, the deflection value was low enough to justify its use.

![A trade-off among deflection, stress, and heat dissipation of three-dimensional-printed splints.](IJB-6-2-259-g013){#F13}

For verifying the simulation results, some experiments were carried out to find the maximum deflection that occurred at the tip of the 3D-printed splints. A set up, as shown in **[Figure 14A](#F14){ref-type="fig"}**, was used in an Instron 300LX (Instron, High Wycombe, UK) to measure the average maximum deflection of the three splints from each design. The comparison results, shown in **[Figure 14B](#F14){ref-type="fig"}**, imply good agreement of the experimental findings with the simulations.

![(A) A topology optimized three-dimensional-printed splint under deflection test; (B) comparison of experiments versus simulations of splints deflection.](IJB-6-2-259-g014){#F14}

Surface finish and appearance are important considerations in comfort and appeal to the user. The parameters that optimize the quality of 3D printing need to be explored in this area to compete with the thermoplastic hand molded thermoplastic splints. There are some complications on achieving more strength of splints through print orientations on the expense of losing the surface finish quality, which could be the subject for future work.

Investigation in the future needs to be undertaken into the duration of time before PLA splints begin to experience mechanical property decline. It should be investigated at what point in the lead up to hydrolysis does mechanical performance decline. Fatigue testing should be investigated in the future. Cyclic loading of a finger splint with sub-maximal loads may place a more realistic loading pattern on the splint than one large one off-load. In the day-to-day wearing of a finger splint, the user would apply small repeat loads into the splint. This over the course of the 6 -- 8-week recovery period may cause degradation or decline in mechanical properties of the splint.

Measurements of the finger were taken with calipers. Taking seven dimensions of the finger to provide enough detail to get a highly specific customized splint to the user's finger. A progression for this project will be to use a 3D scanner to obtain the dimensions of the user's finger. This will provide an even higher level of accuracy and specificity to the patient.

4 Conclusion {#sec1-4}
============

In this work, a novel design of a patient-specific finger splint for a mallet finger treatment was proposed. The structure of the splint was fabricated in a size of a custom injured finger using AM. Utilizing FDM 3D printing provides a customizable fit specific to the patient. The FEA and TO were employed to create a splint with less material to reduce heat while conserving its satisfactory mechanical properties. This allows for much better breathability and less sweating for the patient, possibly lead to increase comfort for the duration of their recovery. Less material in the splint reduces the heat generated in the splint when in use, improving the comfort of the patient. Combining these two techniques optimizes mechanical properties and user comfort for the best chance of an optimal outcome for patients. This paper demonstrated how the use of engineering concepts and developing technologies could improve outcomes for patients in the treatment of mallet finger injury. The results of this project would pave the way for the medical industry to utilize superior advanced manufacturing and minimum materials that have been shape optimized to better serve their purpose while improving patient comfort.
